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METHOD FOR CONTROLLING TRANSMISSION POWER 

FIELD OF THE INVENTION 

The present invention relates 10 a method of controlling 
transmission power of a first station, in particular, but not 
exclusively a mobile station. The present invention also relates 
to a station for example a mobile station. 

BACKGROUND TO THE INVENTION 

The use of code division multiple access (CDMA) is being proposed 
for the next generation of cellular telecommunication networks. 
Additionally, code division multiple access is also being used in 
the IS- 9 5 Standard in the USA. CDMA is a direct sequence spread 
spectrum technique. In a wireless cellular network using CDMA, 
the mobile terminals in one cell associated with a first base 
station will use the same frequency as mobile stations in an 
adjacent cell associated with a second base station. The 
different mobile stations can be distinguished by the respective 
base stations as each mobile station will be using a different 
spreading code. 

In US-A-5101501 a CDMA system is described which uses "soft" 
handoff. With soft handoff, a mobile station is capable of 
communicating with more than one base station at the same time. 
This will typically occur when the mobile station is close to the 
boundary defined between two cells. The signals sent by the 
mobile stations will be received and processed by both of the 
base stations. Likewise, the mobile station will receive the same 
signal from the two base stations. The signals from the two base 
stations may be combined. 

US-A-5265119 discloses a method of controlling the power of a 
mobile station which is in communication with two or more base 
stations at the same time. Each base station which is in 
communication with the mobile station sends power control 
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commands to the mobile station. These power control commands wxlx 
instruct the mobile station to increase or reduce the power w.th 
which it transmits signals to the base station. If a mobile 
station is in communication with more than one base station at 
ere same time, the mobile station may receive conflicting power 
control commands from different base stations. Accordingly, the 
mobile station will cnly increase its transmission power if all 
the base stations which are in communication with the mobile 
station instruct the mobile station to increase its transmission 
powe- The mobile station will decrease its transmission power if 
any one or more of the base stations which are in communication 
with the mobile station instruct the mobile station to reduce its 
transmission power. 

However this approach has some problems- In particular, in order 
to be able to use this technique, the transmitter power control 
commands must be sent to the mobile station from the base station 
without any unnecessary delays . This is because the power control 
commands provided by the base station are determined based on the 
strength of signals received from the mobile station at the base 
station. In an environment which is changing quickly, the power 
control commands from the base station must be received by the 
mobile station before the environment has changed significantly 
if the power control commands are to be effective. In other words 
for effective power control the environment should change little 
during the time taken for a signal transmitted by the mobile 
station to be received by the base station, the power control 
command to be generated by the base station from the strength of 
the received signal and for the power control command to be 
transmitted to and received by the mobile station. 

To avoid unnecessary delays, the power control commands are not 
erro- protected or only relatively weakly error protected. This 
means that there is a significant probability that there is an 
error in the power control command received at the mobile 
station. An error in the power control command may result in the 
mobile station increasing or decreasing its transmission power m 
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^ro-r Over time, the errors caused by the power control command 
beino incorrectly received by the mobile station will result in 
ch- energy per bit to noise (Eb/No) ratio unnecessarily varying, 
in" an interference sensitive system such as CDMA, this may 

n r -^^^ r v.-, rmalicv of communications and/or the 

adversely afreet cne 4 uaii u r 

capacity of Tihe system. 

I. has been proposed thai: the reliability of the power control 
commands be estimated and that the mobile station only respond to 
reliable commands. The method which has been proposed to estimate 
th- reliability of the power control commands uses signal to 
interference ratio (SIR) information. In particular the signal to 
interference ratio of other signals received by the mobile 
station from the base station in question is determined. If the 
ratio exceeds a given threshold, then the power control command 
from the base station in question is determined to be reliable. 
If the ratio falls below the threshold, then the power control 
command from the base station in question is determined to be 
unreliable and is ignored by the mobile station. 

This method has the problem that this method relies on the set 

threshold for the signal to noise ratio r.o determine if the power 

^ i =. or- i <=; not re"i iable . This may result in 
control command is or is not t c-j-o-wj- 

accurately received power control commands being ignored. 
SUMMARY OF THE INVENTION 

It is an aim of embodiments of the present invention to provide a 
imoroved method for determining the reliability of power control 
commands received at, for example, mobile stations. 

According to one aspect of the present invention, there is 
provided a method of controlling the power with which a first 
station transmits signals to a second station, comprising the 
steps of: transmitting from the second station to the first 
station a power control command having a given value; receiving 
said power control command at said first station; determining 
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from said received power control command a parameter 
representative of the quality with which the power control 
command is received at the first station; and controlling tne 
power which the first station transmits signals based on the 

determination step . 

Thus the oualitv with which the power control command itself is 
received is used unlike in the proposals discussed hereinbefore. 

Preferably, in said determining step, the received value of said 
received power control command is determined as said parameter. 
It should be appreciated that the received power control value 
may differ from that which is transmitted due to the effects of 
the channel between the first and second stations. The received 
value may be the value after the decoding of the signal from the 
carrier wave but before the detection of individual power control 
y bits transmitted to the first station by the second station. 

Preferably, the method further comprising the steps of comparing 
said determined received value with a threshold value; 
determining the given value which was transmitted based on said 
comparing step; and in said controlling step controlling the 
power which the first station transmits signals based on the 

. ^ _ Tr= .T ni(= , Thus the transmitted value is 
determined transmitted value, inus txic 

determined on the basis of the received value. 

According to a second aspect of the present invention, there is 
provided a method of controlling the power with which a first 
station transmits signals to a plurality of second stations, 
comprising the steps of; transmitting from each of the second 
stations to the first station a power control command having a 
given value; receiving said power control commands at said first 
station; determining the received values of said received power 
control commands; combining the received values of said received 
power control commands; and controlling the power with which 
first station transmits to the second station based on said 
combined value . 




i 16 3 4 PAX 44 3 0 7831 80 40 PASE WHITE FARRER *• ^ 4 

PCT/IB00/00572 
WO 00/62440 

•=.^ **»t. in t « e third asDecc of the present. 
It should be appreciated that _n t— u. . 

.v, a ^-„-i recenv-d siqnai values can oe used or the 
invention the actual iece_v_a *-y 

values which were determined to have been transited. 

According to a third aspect of che present invention, there is 
p.ov^ed a method of controlling the power with which a iirs, 
Lt'ion transmixs signals to a second station, comprising _ tne 
steps of; transmitting from che second station to the tirst 
station a plurality of power control commands; receiving saia 
power control commands at said first station; determining tne 
value of said received power control values; controlling the 
power with which the first station transmits to the second 
'station based on a currently received power control command and 
at least one previously received power control command. 

According to a fourth aspect of the present invention there is 
provided a first station which in use transmits Signals to a 
second station, said first station comprising.- means for 
receiving a power control command transmitted from said second 
station to said first station, said power control command being 
transmitted with a given value; determining means for determining 
from said received power control command a parameter 
representative of the quality with which the power control 
command is received at the first station; and control means for 
controlling the power which the first station transmits signals 
based on the determination carried out by said determining means. 

According to a further aspect of the present invention there is 
provided a first station which in use transmits signals to a 
plurality of second stations, said first station comprising: 
raeans for receiving power control commands transmitted from said 
second stations to said first station, said power control 
commands being transmitted with given values,- means for 
determining the received values of said received power control 
commands; means for combining the received values of said 
received power control commands; and means for controlling the 
power with which first station transmits to the second station 



1 10.34 FAX 44 20 78.11 «0i0 FAQE WHITE FARRER 



PCT/IB0O/00S72 
WO 00/62440 



based on said combined value. 



According 10 a 



3 further aspect of the present invention, there is 

prided' a"f irst station which in use transmits signals to a 
second station, said first station comprising: means for 
-ceiving cower control commands transmitted from said second 
station to said fir^t. station; means for determining the values 
or said received power control values; and means for controlling 
th . power with which the first station transmits to the second 
station based on a currently received power control command and 
at least one previously received power control command. 

According to a further aspect of the present invention, there is 
provided a mechod for controlling the power which a first station 
"t-ansmits signals to a second station comprising the steps of: 
transmitting from the second station to the first station a 
power control command,- receiving said power control command at 
the fi-st station; determining, using a plurality of different 
methods, power control information from said received power 
control command; and controlling the power with which the first 
station transmits to the second station based on the 
determinacion step. 

BRIEF DESCRIPTION OF DRAWINGS 

For a better understanding of the present invention and as to how 
the same may be carried into effect, reference will now be made 
by way of example to the accompanying drawings in which: 
Figure 1 shows a schematic diagram of part of a cellular 
telecommunications network incorporating base transceiver 
stations and mobile stations; 

Figure 2 shows the threshold used in a first embodiment ,- 
Figure 3 shows a schematic view of a second embodiment ,- 
Figure 4 shows a schematic view of a third embodiment; and 
Figures 5a to d show simulations of using the methods embodying 

the present, invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Reference will first be made co Figure 1 in which three cells 2 
of a cellular telecommunications network are shown. Each cell 2 
is served by a respective base transceiver station (ETS) 4. Each 
base transceiver station 4 is arranged to transmit signals to and 
receive signals from the mobile stations 5 located in the cell 
associated with the given base transceiver station 4. Likewise, 
each mobile station 6 is able to transmit signals to and receive 
signals from the respective base transceiver station 4. 

The cellular telecommunications network shown in Figure 1 uses a 
code division multiple access technique. Accordingly, at least 
some of the mobile stations will be in communication with more 
than one base station at the same time. This, however, will be 
described in more .detail hereinafter. 

The power control method which is used when more than one base 
station is in communication with more than one mobile station 
will now be described. 

The accuracy of the power control command is based on the quality 
of power control command received at the mobile station. This is 
instead of the signal ,to noise ratio approach which has 
previously been proposed. The power control command which is 
transmitted by the base station can have one of two values. -If 
the value of the command is "1", then the base station is 
instructing the mobile station to increase its transmission 
power. If the value of the command is then the base station 

is instructing the mobile station to decrease its transmission 
power- In other embodiments of the present invention, the 
respective values may be "1" and "0" or any other suitable 
values . 

However, due to the effects of interference or the like, the 
received symbols which are received at the mobile station will 
have been distorted and can in principle fall in the range of 
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values from -« to ♦« . Typical values may fall inside the range -1 
co ,1 or oucside "-his range. Examples cf cypical values are «, 

.6, or -.4. 

Th- power control command transmitted by the base station is 
determined by --he base station from -.he strength of signals 
received from the mobile station. Based on the strength of the 
received signals, the base station determines if the mobile 
station should increase or decrease its transmission power. The 
power control command values can alternatively be determined m 
any sui cable manner. 

Reference is made to Figure 2 which shows how a decision is made 
as the which of the two commands the mobile station has received. 
A threshold value T is defined. If the value detected at the 
mobile station is above the threshold T, then the value is 
determined to be + 1. If the value detected by the mobile station 
is below the threshold T, the value is determined to be -1. As 
can be seen from Figure 2 , the threshold T may not be centrally 
located at 0 between the extreme values at each end of the range, 
in preferred embodiments, the threshold is between the values of 
-.6 to 0. More preferably, the threshold is between the values of 
-0.25 to -0.03. These values are appropriate in situations where 
the noise has normalised. It should be appreciated that the 
normalisation can be carried out in any appropriate way. The 
values given by way of example for the threshold will be 
dependent on the nature of the system including the method of 
normalisation and therefore can be different to those suggested 
hereinbefore . 

This decision can be summarised as follows: 

If " the value of the power control command received at the mobile 
station is greater than or equal to the threshold value (marked A 
in Figure 2) then the power control command is +1. 
In other cases (marked B in Figure 2) the the power control 

command is -1- 
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If a mobile station is in communication witr. two or more base 
stations, the mobile station will receive a power control value 
from each base station. The power control value from each base 
station is determined as described hereinbefore. The power 
command signal from each of the base stations are compared and 
the minimum power control command value is selected. In other 
words, if at least one base station instructs the mobile station 
to decrease- its. power, then the mobile station will decrease its 
power . 

The threshold can be set so that the decrease power command is 
generally more accurate than the increase' power command. This is 
because if a mobile station is interprets incorrectly the power 
control command and reduces the power instead of increasing it, 
then the connection between the mobile station and the base 
station could be lost or adversely affected. This could be a 
problem particularly if successive increase power control 
commands are misinterpreted as decrease power control commands. 
Additionally since one decrease power control instruction from 
^ one of a plurality of base stations is enough to cause the mobile 

U station to decrease power, it is more likely that the power will 
O be decreased in practice than increased, thus effectively 
M compensating for the threshold being closer to the decrease power 
value than the increase power value. In alternative embodiments 
of the present invention, the threshold can be set so that the 
increase power control command is more accurate than the decrease 
power command. 

This method of determining the power control value may be used by 
mobile stations which are only in communication with a single 
base station as well as by mobile stations in communication wich 
a plurality of base stations . 

Reference is now made to Figure 3 which illustrates a second 
embodiment of the present invention. The block diagram of Figure 
3 illustrates figuratively elements present, in a mobile station 
embodying the present invention. Each of che power control 
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commands received by che mobile station is input: to a first 
determination unit 40 which determines the received value or each 
Power command. The value of each power command can fall m the 
"range mentioned in relation to the first embodiment. A 
determination is then made as to whether each power control 
command represent, 1 or -1 in a second determination unit 42. The 
second determination uait uses che method discussed in relation 
to Figure 2. The output of che second determination unit 42 will 

„ p ,t nf the Dower control values determined by 
be the minimum of aij. oi tne po«e* 

the second determining unit 42. 

Th- value of each power control command is output to a maximum 
ra r io combining unit 44 which sums the values received from each 
of the base stations with which the mobile station is xn 
communication. The actual values which are received are summed eg 
3 and -.5- In preferred embodiments of the invention, all the 
values are given equal weight. However in other embodiments of 
the invention, the values may be weighted with respect to each 
other . 

The summed value from the maximum ratio combining unit 42 and the 
minimum value (either 1 or -1) output from the second 
determination unit 42 are input to decision unit 46 which 
determines which of the two inputs has the minimum value. The 
minimum value is output by the decision unit 46. This output will 
control the transmission power of the mobile station and in 
particular whether it is decreased or increased. If the value 
from the second decision unit 42 is -1, the transmission power 
will be decreased regardless, of the value output by the maximum 
ratio combining unit 44. If the output of the second 
determination unit 42 is + l, the power will only be increased if 
the value of the maximum ratio combining unit 44 is above a given 
threshold. Otherwise, the power will be decreased. The threshold 
may be the same or different to the threshold used by the second 
determination unit 42. 

It should be appreciated that in some embodiments of the present 
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- „ fTI3 . r Ho n^-ovided without che 
invention, the maximum ratio uni„ may n- P-o 

second determination unit and the decision as ,o « u «er 

^ v,-<s~d in the summed value. 

increase or decrease the power is made b.s.a ~n tr„ 

* suitable threshold value is defined. If ".he sum is above tne 
threshold, the newer is increased. Below the threshola, the power 
is decreased. The summed valued may be divided by the number of 
power control values available - 

Reference will now be' made to Figure 4 which shows a third 
embodiment of the present invention. The embodiment snown in 
Figure 4 is che same as that shown in Figure 3 with the addition 
of an integration unit 48 in parallel with the second 
determination unit 42 and the maximum ratio combining unit 44. 
The integration unit 48 is arranged to receive the received power 
control values from the first determination unit 40. The minimum 
power control value is selected by the integration unit 48. This 
minimum power control value is added to minimum power control 
values which have been received previously. If the resulting sum 
is below a given threshold and the minimum power control value 
indicates that the power should be increased. then the 
integration- unit 46 will output the value -1. In other words the 
output of the integration unit will indicate that the power 
should be decreased. When these circumstances occur, the sum will 
be reset to a reset value of, for example 0. Otherwise the 
integration unit 48 will output the selected minimum value. The 
output of the integration unit 48 is input to the decision unit. 

The threshold value may for example be -0.6. The purpose of the 
integration unit is to prevent the power from being increased in 
error particularly in response to power increase commands derived 
fom a received value which is close to the threshold. In other 
words, if the power is increased too often in a given time frame, 
the next command to increase power will be ignored and the power 
will be decreased in that seep. The threshold may be the same as 
that used by the second determination unit but is prerarably 
different . 
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be summarised as 



The behaviour of che integration uni~ ca,: 

sum of previous power command values and new power contro, 
value falls below the su, threshold and ne, power control value 
~xc-eds threshold which indicates that power control value 
represents an increase power command, then output a aecrease 
power corned and reset sum to 0 or any other appropriate reset 
value ; 

sum of previous power command values and new power control 
value falls below the sum threshold and new power control value 
falls below threshold which indicates that power control value 
^presents an decrease power command, then output a decrease 
power command and reset the sum to its reset value,- 

sum of previous power command values and new power contro, 
value exceeds below the sum threshold and new power control value 
exceeds threshold which indicates that power control value 
represents an increase power command, then output an increase 

power command; and 

sum of previous power command values and new power control 
value exceeds the sun. threshold and new power control value falls 
b^low the threshold which indicates that power control value 
represents an decrease power command, then output an decrease 
power command and reset the sum to its reset value - 

The decision unit 46 operates in the same manner as in" the second 
embodiment except the minimum value or all three inputs are 

selected. 

The integration unit 4 8 allows preceding power control commands 
to affect the behaviour of the mobile station taking into account 
the currently received power control command value. In other 
words a .ower control command history can be built up and used to 
influence current the power control behaviour of the mobile 
station . 

in one modification of this embodiment, the integration unit 4S 
is arranged to process in parallel each of the power control 
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values from each of a plurality of base scar ions . The results of 
each of the separate summing may be input to the decision unit 
46. Alternatively, the results of "he summing may be combined 
together in any suitable manner before being input to the 
decision unit 4 G . 

The embodiments described hereinbefore have included three 
different methods: 

1. determining the value of a power command using a 

threshold value; 

2. summing the received power control values to determine 
if the mobile station should increase or decrease it power; and 

3. integrating the power command values with respect to time 
and ignoring commands to increase power in certain conditions. 

Embodiments of the present invention may incorporate one, any two 
or three of the above methods. In other words the first method 
can be used on its own, with the second method or the third 
method, or with: both the second and third methods. The seocnd and' 
third, methods can also be used on their own or with each other. 

Reference is made to Figures 5a to d which show simulations of 
the various methods. Each graph includes four curves. Curve A 
represents the prior art which uses the signal to interference 
ratio. Curve B represents a simulation using the first method. 
Curve C represent represents a simulation using the first and 
second methods. Curve D represents a simulation using the first, 
second and third methods. Figure 5a and 5b show the transmission 
power of a mobile station plotted against different threshold 
values for the first method. The mobile station is moving at 
3km?h in both cases. With Figure 5a, the frame error rate is 1% 
whilst with Figure 5b the frame error rate is 10%. Figures 5c and 
5d show the transmission power of a mobile station plotted 
against the speed of the mobile station. The frame error rate is 
1% for the Figure 5c and 10% for Figure 5d. 

As can be seen, use of the first method on its own reduces the 
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Power traced by the mobile station significantly as compared 
o the orior arc. The use of the firsc .echo, xn coition with 

' j ™h *urther reduces the power transmitted by cue 
tn» second metnod iurtnei 1">- - 

^11. s«cicn. tt. us, of the firs,, «cond and rhird 
corf.in.tion further reduces th. power with waxen .he 

mobile scauon transmits without al,e„ng rn p 

i_ j ' ^ f nresent invention, the mobile 

Tn th^ preferred embodiment ot tne P rebeiiL 

Lion will always be instructed by a base station to increase 
^ decrease its power in, for example, idB steps. However xn 
alternative embodiments more than two power control commands may 
b . provided. However additional threshold would have to be 
defined For example, if three power control commands were 
available, two threshold would be defined. These three power 
control commands could be increase, decrease and stay the same. 

It should be appreciated that any of the different method 
described hereinbefore can be used to determine whether or not 

^ i U 3i ue H S reliable and accordingly whether 

power control command value is _ 

value should be considered or ignored, 
or not the. power control vaiue -siiuuaw ^ 

The present embodiment has been described in the context of this 
CDMA system. However, it should be appreciated that embodiments 
of the present invention can be applied to any other suitable 

. . . ^pad spectrum techniques, 

access technique including other spread sp~ ^ 

. . n -! ^ i ai =,r-r^c=c: time division multiple access 

frequency division multiple access, time 

and hybrids thereof . 

The embodiments described hereinbefore have controlled the power 
with which a mobile station transmits power. The present 
invention can also be used to control the transmission power of 
base stations. The invention can also be used wxth fixed 
stations, particularly where the radio environment vanes over 
time . 



